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A^H tEj-3Tg ( HflE^Ol ^nV^ Aj-J=L ^n}-o] ^ ^^-§- ^-^^-5. ^ Sj ^ ^ 

5. 2 
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i*} ^ ^ n. £-g- {METAL LAYER DEPOSITION SYSTEM 

FOR SEMICONDUCTOR DEVICE FABRICATION AND METHOD OF OPERATING THE SAME} 

^ 2^ <a ^HHl ^ Aj^Efl^ uJ-Efifl^. S^ojcf. 

5. 3^ €■ ^ ^Al^ofl rcf^ ^nj- ^ ^^}7) $\$± ^ 

<6> a- «V^^r te^l ±*} ^2: ^-^1 * ZL £-g- « 0 >»H ^ ^ , !f-*l 

<7> OVS^l ^HItT 4°<^ ^fM4 #^1-Cl A>.g-£)JI Ol4. Aj- 7 | £ ^ #^1-^ 

■i-^l (physical vapor deposition, PVD) SE.^ 5r«M^^aKchemical vapor depostion, 
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^Cf. ^nV, ^s. tf-E- l-^s-ol ^^^-o.^ + ol- ^ ^7} 

<8> #7} afleH ^n-Br, ^^SLsL, ^* IE^r ^-o] =l ^^tiKaspect 

ratio)!- **fl cf^. zH^o] ^ o.ofl a>-§-^ ^ 5£tf. 

<H ^^M: ^^Hr #7>*>Cf. O.S., ^7) HflB^ ^ ^ o. o. 

^tr f^m^^Cstep coverage) -i- ^l^f^i , ^ ^E^H *r &tt « c >^* 

<9> ^"71 yfleH ^-^o. (sputtering) 7}^ S.^}±t #&)7l^^ ^-sfl ^ 

€ *r S^. *\rX]lQr, ^7} #^7l^--3V^. ^Si7l Hfl-g^l, 3- ^HlS £ 

71^ 7fl^^>7] ^O-S.^, W7l^"#^ -f^ti ^"71 »\}Z)o] 

^*H= «o v ^°1 *fl 0 Jr35M. Sj-^-71^^ -§-^ o_5. ^ ^£7> ^cf^ §-^1^ 

<10> £ 1^ #Efl 7l#ofl O]-^. ^-^nV ^aV ^ o. q-E}^^ ^£o)cf. 
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<H> 5. 1* #2:^, *)1 1 ^ ti}5L^7l^ ^^^^( S l), uflsH ^^-fr ^# 

*V ^(S2), #7l allele ^^-^1 ^JE^l^-g- #7l *ll 1 ^ ^uj^El 

<>i5L^*VtKS3). o]6)*\ t ^ 2 ^ ^*H1 #71 yflfilol ^-^nVol *8#€ ^i^l7l^ 
<*I(S5), #Jf ^#*V ^(S6), #71 #JjL ^BVol tg#*a tiV £ ^7l^ #71 ^1 2 ^g- 

3 ^^.^t!r4(S7). 

<12> ^efl 7l^^l 4-^, #71 BflSlol ul Aj- 7 | #«. ^nV*. ^ ^ 

^HlS-, ^ #71 ^1 1 ^ ^ #71 ^ 2 ^ %»]o\)*} ^#5jcf. olofl 4^ # 7 ] afl^ 

<H *g#^ tiV£3l7l^ #71 2)1 1 ^ ^tilS^-E-1 <2S^(S3)^ ^, *)l2: 51-^ ifl 

ofl^i ^^1 Al7i-^o> _S.^tKS4). =L #7l tifl El ol ^^8: #^17} cflgf 

20%^1 #7l el-o] ^ «-o) ^. 7 joii ^#£1}. 

<i3> ##*v ^ ^ ^ , #i^# ^ ^ ^ -grHsi ^H?i7i ^n, 2]e 

^-B-71 3^71 #^*M ^T-71 afl^ ^nVo] ^ oj-^ o_ s A>-g-£lJl ojcf. #7] ^-^o. 7 l 
W7l#^^ =4?%-7] ^^1# A>-g-^7l nfl^^ , # 7 ] ^^o^ ^nl- ^ofl^ rg^ 7 } 
€ ^ Si^. o]^\BA Q ±7} X ^ o. ( #71 till El ol ^# #7fl £]<H, # 

7l «]-£^l7l^:Ol #7l 2fl2: el-o] iflc^ C}l7l^ # 7 ] nfl ^ <>| -g-^nV ^7) ^o) 

#dl7> °1 Si #i #7l Hfl el ol ^-^q-Sl 7-1^ ^7H^-^S>H, 3 

<w> ols)^ ofl^7l cf°J=^ ^l y o v ^ (preventive process )°1 #7l #^- ^ 

^ ^#*>7l ^ofl ^Al^ ^JE #7l o)l« 0 > ^-^0.3.^ #71 ^# ^T^l ^tl- 1-El- 

2;p> ^El ^-^tV #db» ^7l*f7l ^tV 7>i «o v #(outgassing) ^ol A>-g-^ ^ ol 
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#71 7}+ « 0 ># ^<3] Jrsj. qx\ a> £ ^ JL>g o. £3^1*1 ^ ^ ^ ^ri^H 

nlo^ >cf -j. Aj- 7 1 A o Vja ^nvo} nfl ^ ^ ^ ^ ^y) aV«. ^ 

^ -^°|o] ^ ~^ ]7} ^ m + ol^ 

<15> 0)^7}- S>i=. 7l#^ ^Ml^r ^-fr ^ ^1 51 <H ^ ^ 

<16> ^o) Cl=ji7> tf-g- 71^3 4^1^ -f^rt!- ^ till 5H ^ # 

* ^*l-7l 1 *3 W ^^^>7l 2 ^ ^ ^7) *\] 1 

^ *11 2 ^ <£^Kr H^i3^ ^"ttll- ^Hl^ ^ ttcf. 

<18> ^e^}^, ^.7) ^ ! ^ 51-^-71 ^ -g- ^<5Rr ^ 

Bjolcf. oH rtj-El-, Aj-7] ^ ! ^ *flti^ ^-B-71 ±^.it ^*>7l ^.o] 

dii£.i 7>^ ^ el-ol# ^Hl^cf. #7l 4 2 ^ ^gtH-fe- S^Mtf^, 

<19> u ^2l^ 7l l^ ! a o >71 E^^tx] ^fl^^ o^^^ ^j-7) E^J^^ ^ Hl> ^-7] ^ 1 ^-^ *A 

H ^ ^71 ^ 2 ^ 51«- cfl7lS.^-E-l ^-5l^>7l ^tV, ^o^^ ^j-uj-o) ^c^- ^ 7 |. 
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^ ^.g. o]-Al^ + ol^ A}^o) Xl^€4. 0} A]^Efl^ 

33- ^AjS]^ 1 ^ %v) f AV«. 9-^^ ^^*>7l fl^ *H 2 ^ ^ ^ ^-71 

Xl 1 *3 ^4 A o v 7l Xl 2 ^ ^» ££*Mr H^£^^ ^l^Hr ^-i- £^jo S 

oH, ^71 33. ^-6-71 sf4j-7l^^- ^-fr 4~§-*M *fleJ<H 

<21> «]. *M]ir, Xl 1 ^ ^tH^ ^-71 till ^ <H ^^>7] 

44^1 ^Sj- 7f^ -g-g- e|-o]^- ^-til^rf. oH, av 7 ] ^gj. jg^-g. i^>^ 

7>^# ^ ^S^l^ ^<2}- ^o] 5E^>^ 7 >^# <§^H t>7>^l 7>^<H 

^ 4^4X1^ TiCl 4 i^t>4. 

<22> 4^4711^, ^"71 H^fl^Sl ^3 H^Xl^r A cM B^^M #7] Xl 1 ^ ^ 

*H ^ ^7l Xl 2 ^7lS-^-Ei ^<5}7l Jfl^, ^o^ £ S ce}- %V\7\ 

c] ti^]^rf. 

<23> ^-7] Cf^ 7 ]#^ 3l}-^» ^*>7] ^}<X, £ ^3 <a ^lib tifl^ol aJ- 

^l^S ^*Kr ^4 y o V ^# X]^tH4.°l XI 1 ^ ^ ifl 

°1H #^4* ^, A oM XI 2 *3 ^]«HH ^*H=r #Xl-& 5. 

<24> ^"71 Cf^ 71 4Xl# ^*>7l ^fV ^- ^"^fil Cfs ^Al^^l oj- = ^ , ^-W- 

* ^*}7l ^ofl, ^Sl- ^4*V^ « 0 V^0] Xl^"€4. °1 y J-^^r tifl^cX 
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^ S^-fr 3^*Hr #311- i^T}. ojnfl, ^-71 ^5}- ^ ^ 4>7l ^ ^ 

<25> a o > 7 ] ^ ^-S^l^ SE^Rr 7}if ^ €°1 ^-8: S. 

^}^r 7}^ &<%*\ *\o]5i *V 7 H 7>i# A}-g-^- ^ ojcf. H>^a|*|->|]fe, # 7 ] ^S}- 

TiCl 4 7>^# A>-g.*>cf. 

<26> ol§> ) ^J=L^- #2:*H U>^-3]^ ^Al^l- ^Hf] ^^*>7lS. tr^K 

£H=f. o$ 7 ]X) i7fl^^ ^H^r 7flA]^ Lfl-g-o] ^7^>J1 i&^M ^ ^SUf- zl^jl 

^^^HlTfl -g- ^3 A>A o Vol - fl^Jf. §>7l ^ £^ 

# S^r 7]% Aj-ofl olnfji ^SH*]^ ^ o.ofl o_ Cf^ ^ 7l# #ofl 33 ^ 

<27> £ 2^- ^3 ^ ^Aj^ofl rtJ-S. -gV Al^Ej^- uj-Eflfl^ 7fl 3f £0) c}- . 

<28> £ 2 # #35:*M£, ^>7l -^^nv Al^Efl(5oo)^ ^7fl<2] ^ ^(process 

chamber )l-ir ^^*>^ H^fli^ (transfer chamber, 100 )# ^1 t^cf. av 7 | ^ ^t^-s- 

(100)fe a^lnj, w r ^tr «a ^*HH 4 = ^, ^"7] ^»H(100) 
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<29> j$r 7 ) Al^efl(500)^ aW3£ *|| i ^31 ^«KllO) ^ 1 2 ^(120)* 

^wl^rf. ^"71 *fl 1 ^ ^tH(llO)^ ^^-71 sj- ^-71^^-8- a>-§-*H «fleH ^ 

^*Rr -^§°1 ^I^Itt ^S^oi^l, ^-71 2 ^ ^tH(120)^ ^7l tifleH ^^-°] 



^ ^(120)^r ^71^3}-, ^7>#^3V ^ #e]7l^a}- ^ ^ ^ej^ 



<30> ^-71 ^-^71 5l-^- 7 l a>^^ ^ o_ AJ.7I ^ ! ^ *fl^ (HO)oll ^ ^ 1 12 # 

*l(first auxiliary apparatus, 200)7} Q^L&A. #7l 1 JsLS ^1(200)^ AA tr 
7fl^ 7>i ^ e}<y(210) ^ afl7l 5}^1(220)^ S^-tr^-. ±.3.^ 7}^ ^ 

51-^(210)^- ±2.^ 7>>i( S ource gas) ^ 7>^(carrier gas)7 r AA -fr^^ *)1 1 7}i 

^■(231) ^ ^1 2 7}^(233H ^^^rf. 5E^, #7l i^.^ 7]-^ ^ o]^ 7^7} 
^ ^-^](230)7> #7l ±ii 7>i ^ hK1(210) ^H] wfl^^i^. ^7] ±_Sl^ 7}+ ^ A 
91(210), #7l ^1 1 7>i^r(231) ^ #7l *H 2 7}^(233) ^Hl^ zj-zj- ^ ^^.(215), 1 
1^.(232) ^ ^ 2 HiL(234)7} wfl^mcf. #7l »£*(215) , 1 «1«.(232) ^ 2 

fy.(234)^- ^-71 SE^ -ff-*fl<2] ^ ^«fl , °ll-gr z\]o] ^ofl ^*fl 

#*H€ 4 s A o v 7l a o v 7 ] ^ ^1(230)^ ^H*Rr ^ 

£ %7\ yfl7] hKI(220) ^Hl^ tifl7l «1«.(225)7> wfl^l^Jl, ^7] tifl7] «lw.(225) 

^-71 *1H <^sfl ^ #7} *fl 1 ilS ^(200)^ ^(H 2 ) 5£^ ^i(N 2 ) 

7]-^7> ^^-5)^ HLC}# ^ A9l^r ^rS. 9XA-. 

<31> Aj-7] 7 >^o^ 7}}^ ^ ^-7] WflSl^ ^S|S] S-^o) 7 ]]^^- 

^*fl, ^7] ^1 1 ^«Kll0)^r ^ ^^1 ^-7) ^1 1 ^ 
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^*H(110)fe #7l te^7l^ 7}^}7] ifltr ^(heater)* ^£ 5W. ojofl 

#7l XI 1 ^ ^tH(llO)^ eM^^r t^l7l(RF generator) ^ ojofl <g^^ #^rl-g: 
<r &i=r. 

o]d\] c^H, #7l H^i3f) ^tH(ioo)^ 4^ ^Ir^ XI 3 ^ ^ »H (130), Xl 4 
*3 ^ 01(140), #*1 (wafer aligner, 150), ^ #*1 (wafer cooler, 

160) %-o] d tifl^^ ^ ^4. #71 XI 3 £E^r XI 4 ^ ^ Hi (130, 140) *r #7l «fls)<X ^ 
^ S^r #71 #^- ^"^Sf ^ol ^Al5L]^ ^#3. A>-g-Sl7li4, °fl«l 7><1 #*1 

(pre-heater)S ^>-g-€ *r #7l oflul 7>1 #^^- #7l £^ #Jf #4*^ 

^ ^*cHH €-S.«r ^ £rJE7f*l #7l «V£Xl7l^ ale) 7>^*>fe 7l^ ^^^cf. SEtr 
, #7l ^olsl ^ #*l(150)^r #71 «>^l7l^ #*§=-§: ^1^- ^ di^Sl %n ® 

A i# t 1 ^^. #71 siMsi ijjq- #*l(i60)fe #7l aV£Xl7l^si jl^^o] ^zj-g. A}-g- 

£M, UpBJ-^l-Xl^r *lM"b 4°1^ ^ #71 ^€:^l7l^ ^ #*1# 

a=th #7l s^is] (100)^1 £4^ ^r^Hl^r 3<X;£ tb7flsi ^tH7f yfl^m 

^. «>^^: #^HH1 14=.^, #7l ^ttl^ ^ ol 31 o) Jl^o} 01*0. 

^l«fl, XI 1 SS.^- ^VH(170) ^ XI 2 sLEL&r ^ Hi (180)5. ^#^cf. #71 33*1* (170, 

180)£r #71 HSH^sl ^^1(100)4 2]^ rfl7l AHofl $1 *1 *H , #7l a]^(500) 

4 ^lY Cfl7l7> ^ ^ ^ ^trCf. OH 14 51-, -§-#^0.5. ^ ^^^1^ ^AjSl^ 

#71 ttflSj<H g # 7 ] #«. ^# ^^o> ( a o V 7] ^ X\+M (500)3 vfl 

^tt #71 SIELl* ^U](170, 180)7} ^xi^S.^1 JL^-^^-S ^ 9Xt±. tb^, #7l ^> 

4=^ f |V Al^Efl(500) ifl-SfS] oJ-b^ S ^^>7l ^*H, #71 B^i^ ^^(100)^1^ ^ ^ 
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<&%S\JL, #7l 3^(100)4 #71 5.JE.4 3*1(110) 4°Hfe 7 fl^| ^ 

7> afl^l^T^-. #71 H^^JJl 3*1(100)4 #7l ^ ^Hl-i-dlO, 120, 130, 140) 4°H1:£ ^ 

4-e- ?m #*i7> 4 tifl^i^ ^ 5514. 

<34> ^-71 H^S) 3*1(100)3] ^°oHl^ °1^ 5.^(105)01 Hfl*144. #71 ol^ S^-(105) 

#71 3.JE14 34(170, 180), #7l ^ ^Hll-dlO, 120, 130, 140), #7l 31 o] 3] ^ # 

*1(150) ^ #7l ^Msl x%7j- #^1(160) 4°HH yVE^l^* ol-g-Al^lcf. 

<35> J£ 3^ H ^AHHl 4B ^ ^^Sf7l -5^ 

^£014. ol Hj-^ o. £ 2oll ^rq. ^ Al^efl^. £-g-?rH- wj-^oj] <2#44. 

<36> £ 3-i- 4^4^, «>£^l7l^ ^4 #4 Al^^fl (500)31 ^Jfs iiL^44(S10). £ 2 

4 4^4^ ZL^^4^, #7l tiV£^l7l^ #7l S=4 34(170)-!- **11 #7l HJffl^sl 3 
4(100)3} uflJfs. S.^^4. ol* ( ^7} =.4*4 ^zv Al^^(5oo)o) <£S^(S17)€ 
4*1, #71 aVE^l7l^ 31 «- Vj\7)£.^Ul £^4 #71 ^4 #4 AliEfl(500)ol v4]«-o)] ^1 

*1HV4. 

<37> A o > 7 ] 34 (100 HI S*34 #71 ti>£^7l^ #71 ^1 1 ^ ^4 (110)31 T-flJf 

s. s^(Sii)4 ^, ^qvg- t§#44(Si2). #71 wflajoi ^4^ E-j 4tt ^44 

(TiN) , E14-B- ^44(TiSiN) ^ 4^-8- ^44(TaN) f^H ^bbs} ^HS. ^7>^1 # 

^3- *S#^: ^ $14. HL*h #71 yfls^ol ^-^4^ -g-^-fj-71 4^1(metal organic precursor) 
1- 4-8-4fe 44 7l# ^4(chemical vapor deposition, CVD) ^§-*fl ^44. °H , 

#7l ^-#-R-7l 4^1^ TDEAT 5E^ TDMAT^ ^ $14. #7] wfleH ^4# ^#4 
^(H 2 ) ^ ^i(N 2 )l- 5L44^ ^ 7}^s. #4^4 ^sl^l 4317V tH aja^ <^ 
SZ4. °1^, #71 H 31^51 3tH(100)S <a5.^tr4(S13). 
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<38> o}o]A] t ^7} uflsH ^^nvo] zg^Q a]-£^7l^ ^1 2 ^ ^*Kl20)^ S.^ 

(S14)*H, ^ ^^-g- ^(Sl5)t!: -f , #7l ^ til ( 100)5. ^HS.^*Vcf(Sl6). -%7] 

^ ^3!(W), ^nl^-(Al) ^ ^el(Cu) #<HH ^EJjfl ^ 

<>i5^^cf(Sl7). 

<39> oieitv <H A o > 7l ^e)^ ^^-o] aVsL^l^r #7l 

= ^"71 BflfiH ^7l ^ ^ °J-^5L o)6]} rcj- 

^71 aflsH ^-^ v °l ^-fM dt^^l ^ 7}^1 

Cfl7l ^7> ^<5Rr ^^1^ <W^. 

-g*Hfe ^^-4 cf=. ^ X\^o\)*) ?§^i5}±r ^-fo|) 

oflfe £ 2°fl i ^ ^7} wflsH flushing)^] A> 

-§-^4^ -tf^tb ^ ^a]^1^ rc)-^, oj-eflcq Aj^ofl^, £ 2 # 
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<4i> i 4# #^ev Al^Efl( 51 o)^. yfl^<X ^-^nvol ^€ tiV£*fl7l^ofl cfl 

*fl ^ ^1^- *r Slfe Xl 1 ^ ^tH(115)» ^ltr^. £ 2S\- wlJE^, #7} Xl 1 

*3 ^(115)^ «1|bH ^ ^ *>7l ^a}- *fltfKiio)l- cflAl^H, H^^s] ^tH 

(100)^ ^^ofl 

<42> # 7 j ^g). ^-71 l ^ ^^(115)<H1^ X| 1 ^ #*1 (first auxiliary 

apparatus, 300)7 r #7l Xl 1 #*1 (300)^7 t^fl^l 7}^ 

5r<?l(310) ^ afl7l 5}-<y (320)^- i^*r4. #7l ^s)- 7}^ ^ Sr^(310)^r ^sf ^ 
(flushing gas) ^ 7>^(carrier gas)7> z}-z}- -fr^s^ Xl 1 7^^(331) ^ Xl 2 7>^^ 

(333)o11 <?l^^cf. #7l ?gSt- 7}+ ^ e^OlO), #7l Xl 1 7 r ^*K331) ^ #7l Xl 2 7>i 
^(333) ^Mlxr ^ HJeL(315), XI 1 ^£1(332) ^ Xl 2 ^£1(334)7}- yfl^l^cf. #7l 3- 

# *iJ±(315), XI 1 >gJi(332) ^ Xl 2 H lJl(334)-8r ^§-7} S^r -H"X]^ oj-^ t^ofl ojgfl ^ 
*H. °lt^ ^MJ^ X]<X ^^fl -§-Xl€ *r #71 tifl 7 l eKl(320) #°H^ «T| ^1 *i 

ii(325)7 r «fl*l£U, ^-71 tifl7l 1^(325) <*{X\ ^7} XH ^«fl -§-Xl€ $14. «fl , 

7}^t f^H ^<X£ «"7>^l 7}^<U ^ 91<LV], y>^*>Xl^ TiCl 4 7}+W: 

Aj. 7l o]^ 7}^ «#(He), Ml-^(Ne) ^ ^ = ^(Ar)^ S^SRr 7>^1;, =^ 

4:(H 2 ) 7}-^ ^ ^(N 2 ) 7>i AjeMs} ^o^r: *V7>^l<a *r 

<43> Aj- 7l 7>^al 7fl^i ^ 14^ ^5). J-^- 7 ]]^o. ^ j ^7] ^ ! 

^»1(115)^ Hj-Alc^ ^ ol^ ^ x ^ ^tt](115)^ #71 tiV£^ 

7l^r* 7><l*>7l ^lEKheater)!- ^£ $14. °H1 tX*H, #7l Xl 1 ^ 

(115)^ Hl-^^sl- ^7l(RF generator) ^ ^ofl <g^^ ^1;* ^Hl§ ^£ oicf. 
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<44> 5L 5tt £ 4€- *3*HH cnfs wj-^^. q.E]-ifl^r ^ ^iS^cf. 

<45> £ 5# ^S<5}^, tiV5L^7l^-g; M\)^o] =.4^ ^aV ^n^ s S^(S20)*> ^, BfleM 

^^f]-cf(S21). ^-71 yflsH ^fl- ^ ^ «^ t£ 3 6\}A] w}<2}- 

^S^^(S22). olnfl^S] AV 7 ] y^o^ ^ ^ofl^ 

(510) AS S^ £ 43f -US} WS, ^7} ^£^171^ ^-71 *fltH(i70) 

1- **fl ^71 ^(100)^ ^1-71 Al^Efl (510) ^ 
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